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© A photocatalyst based mainly on titanium diox-_ 
ideJbr^a^ mixture of titanium diox!cie"~and activated. 
charcoal is fixed using fluororesin or the like to 
produce a sheet or panel-shaped purifying material, 
which is disposed in the outdoors utilizing exterior 
walls of a building, in order to remove low-concentra- 
tion nitrog en oxides and the like in environmental 
atmosphere. The photocatalyst applied with near- 
uftravioiet rays in sunlight is activated to convert 
nitrogen oxides in the atmosphere to nitric acid and 
the like and catch the products on the surface. The 
photocatalyst reduced in activity due to accumula- 
tion of the products is washed by rainfall to restore 



activity. Further, using the purifying material, 
volatile pollutants transferred from water to a gas, or 
pollutants in water are decomposed by titanium diox- 
ide. 
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The present invention relates to a method for 
removing low-concentr ation pollutants (nitrogen o x- 
Id es aric l t he~llke) in tne environmental atmosphere" 
and pollutants (volatile organic chlorine compounds 
and the like) in water and to a purifying material 
used in the method. 

In order to control air pollution due to nitrogen 
oxides and the like, regulations have been effected 
up to now against emission of pollutant s from mo- 
bile and stationary emiss ion sources. However, in 
spite of measures again iTthese emission sources, 
high-concentration pollutants exceeding the envi- 
ronmental standards are still observed in big cities 
and along car roads. Therefore, more effective 
measures against the individual pollutions, that is, 
in addition to measures against emission sources 
as ever, environmental measures at the pollutant 
receiving side are in demand. 

However, removal of pollutants in environment 
(environmental purifying) is partly being tried in the 
field of water purifying of lakes and the like, but no 
attempt has been made on the atmospheric envir 
ronment. 

This is because efficient removal has been 
considered to be difficult since air pollutants are 
very low in concentration and rapidly diffusing in 
the atmosphere. For example, when the conven- 
tional selective catalytic reduction method with am- 
monia is applied to the atmosphere, high-rate con- 
centration is essentially required before reduction, 
which has been impracticable in view of energy 
consumption. 

Therefore, a primary object of the present in- 
vention is to provide a method for removing air 
pollutants from the atmosphere which efficiently 
removes low-concentration pollutants from the am- 
bient atmosphere and is highly practical in the 
economic point of view based on the use of the low 
cost material and no need for running cost, and a 
purifying material which is used in the method. 

On the other hand, volatile organic chlorine 
compounds such as trichloroethene and tetrach- 
loroethene are used in large amounts as degreas- 
ing agents and cleaning agents in various industrial 
fields. However, these volatile organic chlorine 
compounds are said to be carcinogenic, and envi- 
ronmental pollution such as pollution of drinking 
water due to these substances is a social problem. 

Therefore., another object of the present inven- 
tion is to provide a method for removing pollutants 
which decomposes volatile organic chlorine com- 
pounds contained in water into harmless, sub- 
stances by a simple process, and a purifying ma- 
terial which is used in the method. 

There is provided a method for removing pollu- 
tants comprising: 

._dispQsing_3_purjfyinQ material fixed with a 
photocatalyst m ainly comprising titanium dioxide or 



<^ ajnixture of titanium dioxide and activated charcoal 
in tne outdoors, sucrTthat the purifying material is 
sliDTected~te-4riadLation with sunlight and rinsing by 
rainfall. 

s Here, the purifying materia! may be a sheet- 

shaped or panel-shaped material obtained by 
molding a powder of the photocatalyst with a syn- 
thetic resin. 

The purifying material may be obtained by 
ffi sticking a powder of the photocatalyst on the sur- 
face of a sheet-shaped or panel-shaped synthetic 
resin with an adhesive. 

In the second aspect of the present invention, a 
method for removing pollutants comprises the 
75 steps of: 

transferring volatile pollutants in water to a gas: 

and 

contacting the gas with a purifying material 
fixed with a photocatalyst mainly comprising 
20 titanium dioxide or a mixture of titanium dioxide 
and activated charcoal while irradiating it with light 
of 400 nm or less in wavelength to decompose the 
pollutants in the gas. 

The purifying material may be a sheet-formed 
25 or panel-formed material obtained by molding a 
powder of the photocatalyst with a synthetic resin. 

The purifying material may be obtained by 
sticking a powder of the photocatalyst on the sur- 
face of a sheet-formed or panel-formed synthetic 
30 resin with an adhesive. 

In the third aspect of the present invention, a 
method for removing pollutants comprises: 

contacting water containing pollutants with a 
purifying material fixed with a photocatalyst mainly 
35 comprising titanium dioxide or a mixture of titanium 
dioxide and activated charcoal while irradiating it 
with light of 400 nm or less in wavelength to . 
decompose the pollutants. 

The purifying material may be a sheet-shaped 
ao or panel-shaped material obtained by molding a 
powder of the photocataJyst with a synthetic resin. 

The purifying material may be obtained by 
sticking a powder of the photocatalyst on the sur- 
face of a sheet-formed or panel -formed synthetic 
as resin with an adhesive. 

In the fourth aspect of the present invention, 
purifying material comprises: 

a powder of a photocatalyst mainly comprising 
titanium dioxide or a mixture of titanium dioxide 
so and activated charcoal and a synthetic resin; and 
molded to a sheet or panel. 

The synthetic resin may be fluororesin. ■ 

In the fifth aspect of the present invention, a 
purifying material comprises: 
55 a sheet-shaped on panel-shaped substrate, and 

a powder of a photocatalyst mainly comprising 
titanium dioxide or a mixture of titanium dioxide 
and activated cnarcoal, which is stuck on the sut*- 
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strata with an adhesive. 

The sheet-shaped or panel-shaped substrate 
may comprise a metal, a resin, or an inorganic 
substance. 

The inventors have invented a photocatalyst 
(Japanese Patent No. 1613301) comprising 
titanium dioxide (Ti02> and activated charcoal 
which, by irradiation of light of 300 nm - 400 nm in 
wavelength, can efficiently remove nitrogen oxides 
and the like of the ppm level concentration in the 
air at room temperature without pretreatmerrt, and 
have developed a technology for applying the 
photocatalyst in treating tunnel exhaust (Japanese 
Patent Application Laying-open No. 3-233100 and 
three other applications). The inventors have also 
found that the photocatalytic activity can be further 
improved by adding a third component such as 
iron (III) oxide or the like. 

The only condition necessary for functioning 
the photocatalyst is irradiation with light at room 
temperature and rinsing with water. Then, paying 
. attention to the fact that irradiation with sunlight 
and rinsing by rainfall can be achieved relatively 
easily in outdoor natural environment, the inventors 
have accomplished the present invention. 

Specifically, in the present invention, a 
photocatalyst mainly comprising titanium dioxide or 
a mixture of titanium dioxide and activated charcoal 
is fixed in the outdoors and contact with air so that 
the catalyst can be irradiated with sunlight and 
rinsed by rainfall, thereby removing pollutants in 
the environmental atmosphere. 

Fixing the photocatalyst is preferably achieved 
by molding a powder of the photocatalyst into a 
sheet or panel using a synthetic resin previously, 
or by sticking the photocatalyst on the surface of a 
sheet or panel with an adhesive. 

Further, the inventors have developed a tech- 
nology for decomposing volatile organic chlorine 
compounds, into harmless substances by irradiating 
exhaust gas containing the volatile organic chlorine 
compounds with light in the presence of titanium 
dioxide (Japanese Patent Application Laying-open 
No. 2-107314), and the above purifying material is 
also suitable for treating the pollutants in water 
using the same technology. 

Specifically, in the present invention, volatile 
pollutants in water are transferred into a gas, and 
the gas is contacted with the above purifying ma- 
terial while irradiating it with light of 400 nm or less 
in wavelength to decompose the volatile pollutants. 

Further, in the present invention, water contain- 
ing pollutants is contacted with the above purifying 
material while irradiating it with light of 400 nm or 
less in wavelength to decompose the pollutants. 

Sunlight is rich in ultraviolet rays of 300 to 400 
nm in wavelength which are necessary for activat- 
ing the present photocatalyst. Therefore, by placing 



!the photocatalyst of the present invention in the 
outdoors applied with sunlight low-concentration 
nitrogen oxides and the like in the atmosphere can 
be oxidized into nitric acid and the like, which is 
5 caught on the photocatalyst. The activity of the 
photocatalyst gradually decreases with time mainly 
due to the fact that active sites on the surface are 
covered by oxidation products such as nitric acid 
and the like, but the activity is restored by washing 
to out the products by rainfall. Thus, the photocatalyst 
repeatedly functions, and therefore requires no 
work or cost for operation and maintenance. 

To increase the contact surface area of the 
photocatalyst with air, it is preferable to use a 
75 powder of the photocatalyst. In the practical ap- 
plication of the present invention, when the powder 
is to be contacted with air, there are problems of 
scattering of the photocatalyst during the installa- 
tion, use, reactivation, replacement, and the like, 
20 and it is necessary to fix the photocatalyst to a 
medium. 

A method for fixing the photocatalyst is adher- 
ence of the photocatalyst to the surface of a struc- 
ture and the like with an adhesive. However, in this 

25 case, when the photocatalyst in the granular form 
is stuck directly on the surface of the structure, 
various difficulties are considered to occur in the 
work, and the construction cost will be high. 

Therefore, it is practical that the photocatalyst 

30 is previously formed in the factory to a sheet or 
panel, and the product is stuck on the structure in 
the field. 

So far, it has been common that a powder- 
formed catalyst is molded with a binder, and then 

35 fired at a high temperature to obtain a desired 
shape. However, it is impossible to fire the 
photocatalyst containing activated charcoal at high 
temperatures of above 300 "C. and the 
photocatalyst, which is reactivated using water, 

40 cannot be applied in view of the water resistance. 

That is, to fix the photocatalyst stably, it is 
required that an excessively high temperature is 
not used in the production process (preferably be- 
low 200 # C), and the photocatalyst has sufficient 

45 water resistance and durability. 

On the other hand, fluorocarbon polymers, 
such as polytetrafluoro ethylene, which is superior 
jn chemical and environmental resistance, can be 
formed from a powder to a desired shape by 

so applying a pressure. Therefore, a powder of 
fluororesin mixed with a photocatalyst powder can 
be previously rolled to obtain a sheet- or panel- 
shaped purifying material. 

Since fluororesin is hydrophobic, the resulting 

55 purifying material is expected to be highly water 
resistant, and less affected by moisture. Further, 
since fluororesin is low in affinity for the component 
constituting the photocatalyst. both substances are 
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merely aggregated in the purifying material, and 
the activity on the surface of the photocatalyst is 
expected to be less affected by the presence of 
fluororesin. 

It is further possible that the photocatalyst is 5 
stuck on a sheet or panel made of metals, resins, 
inorganic substances, or the like with an adhesive 
to form the purifying material. However, since there 
are various types and properties of the adhesive, it 
is necessary to select a most suitable adhesive 10 
experimentally. 

In practical application of the technology de- 
scribed in Japanese Patent Application Laying- 
open No. 2-107314. when volatile pollutants in wa- 
ter are transferred to a gas and brought into con- m 
tact with titanium dioxide, if titanium dioxide par- 
ticles are stuck directly on the wall surface of the 
equipment, as previously described for removing 
pollutants from the atmosphere, various difficulties 
will occur in the construction. Then, also in this 20 
case, titanium dioxide particles can be carried on a 
sheet- or panel-shaped purifying material, thereby 
making the work and handling very easy. 

Pollutants in water can be decomposed when it 
is contacted with titanium dioxide in an untreated 2s 
state, however, various problems will be caused 
when granular titanium dioxide is used. Fig. 1 
shows an example of an apparatus for contacting 
water containing pollutants directly with titanium 
dioxide particles. Referring to the figure, water sus- 30 
pending titanium dioxide particles 42 is contained 
in a reactor 41 having a light source 40 for emitting 
light of 400 nm or less in wavelength, and stirred 
by an impeller 43. Water containing volatile organic 
chlorine compounds is fed by a pump 44 from the 35 
bottom of the reactor 41 , and the volatile organic 
chlorine compounds contained therein are contact- 
ed with the titanium dioxide particles 42 to be 
decomposed. Treated water is sent through an 
overflow pipe 45 to a precipitation tank 46, where 40 
titanium dioxide particles 42 are separated and 
discharged from a discharge pipe 47. Titanium 
dioxide particles precipitated in the precipitation 
tank 46 are returned by a pump 48 to the reactor 
41. 45 

However, in this method which uses titanium 
dioxide in the granular form, the precipitation tank 
for separating titanium dioxide particles from treat- 
ed water and the pump piping for returning the 
separated titanium dioxide particles to the reactor so 
are required, as shown in the figure. As described 
above, this makes the apparatus complex in struc- 
ture, and necessarily requires tedious operation 
control. On the contrary, when titanium dioxide 
particles are carried on the purifying material, the 55 
above problems can be solved and the apparatus 
is simple in structure since the titanium dioxide 
particles are fixed. 



The above and other objects, effects, features 
and advantages of the present invention will be- 
come more apparent from the following description 
of embodiments thereof taken in conjunction with 
the accompanying drawings. 

Fig. 1 is a schematic view showing a prior art 
apparatus for decomposing pollutants in water 
using a granular photocatalyst; 
Fig. 2 is a schematic view showing the structure 
of an experimental apparatus for demonstrating 
a pollutant removing effect of the present inven- 
tion; 

Fig. 3 is a schematic cross sectional view show- 
ing an embodiment of a purifying material ac- 
cording to the present invention; 
Fig. 4 is a diagram showing a nitrogen monox- 
ide removing effect of a sheet-shaped purifying 
material sample comprising a photocatalyst 
powder and a synthetic resin; 
Fig. 5 is a diagram showing the relationship 
between a nitrogen monoxide initial concentra- 
tion and an NO removal of a sheet-formed pu- 
rifying material sample; 

Fig. 6 is a schematic cross sectional view show- 
ing another embodiment of a purifying material 
according to the present invention; 
Fig. 7 is a diagram showing a nitrogen monox- 
ide removing effect of a sheet-shaped purifying 
material comprising a photocatalyst powder and 
a synthetic resin; 

Fig. 8 is a diagram showing a nitrogen dioxide 
- removing effect of a sheet-shaped purifying ma- 
terial comprising a photocatalyst powder sticked 
on the surface of a panel-shaped synthetic resin; 
Fig. 9 is a diagram showing a nitrogen dioxide 
removing effect of a sheet-shaped purifying ma- 
terial comprising a photocatalyst powder and a 
synthetic resin; 

Fig. 10 is a schematic cross sectional view 
showing the purifying material of the present 
invention stuck on the wall surface of a building; 
Fig. 11 is a schematic cross sectional view 
showing the purifying rnaterial of the present 
invention stuck on a sound insulation plate of a 
highway; 

Fig. 12 is a schematic perspective view showing 
the purifying material of the present invention 
disposed alone; 

Fig. 13A is a schematic front view showing the 
purifying material of the present invention used 
in a highway tunnel; 

Fig. 13B is a schematic cross sectional view 
showing the purifying material at the present 
invention used in a highway tunnel; 
Fig. 14 is a schematic view showing the appara- 
tus of an embodiment for decomposing volatile 
pollutants transferred from water to a gas using 
the purifying material of the present invention; 
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Fig. 15 is a schematic view of the structure of 
an apparatus showing an embodiment for de- 
composing pollutants in water using the purify- 
ing material of the present invention: 
Fig. 2 shows the structure of an experimental 
apparatus used in an indoor experiment which will 
be described later, in which a cylinder 1 containing 
a standard gas (about 50 ppm in concentration) of 
pollutants (nitrogen monoxide in this case) and a 
cylinder 2 containing pure air for diluting the stan- 
dard gas are individually connected to a precision 
flow controller 4 through a pressure regulator valve 
3 and a petri dish type glass 6 through a 4-way 
valve 5. A purifying material sample 7 is disposed 
in the reactor 6, and the purifying material sample 
7 is irradiated with light from photochemifluores- 
cent lamps (10W x 3) 8. Two units of the reactor 8 
are disposed in series, and the purifying material 
sample 7 is dividedly disposed therein. The gas 
fed to the reactor 6 is sent to an exhaust port 12 
through the 4-way valve 5, a chemiluminescent 
nitrogen oxide meter ,9 and an air pump 10 are 
connected halfway, and the gas passed through the 
chemiluminescent nitrogen oxides meter 9 is dis- 
charged, from an exhaust port 1 1 through the air 
pump 10. 

In the apparatus shown, the standard gas of 
the cylinder 1 and air of the cylinder 2 can be 
mixed in an appropriate flow ratio controlled by the 
flow controller 4 to generate a simulation polluted 
air of a desired low concentration. By changing 
over the 4-way valve 5 as shown, the simulation 
polluted air is conducted at a predetermined flow 
rate to the reactor 6 to contact the sample 7 and, at 
the same time, while the sample 7 is irradiated with 
300-400 nm near-ultraviolet light from the lluores- 
cent lamp 8. 

A predetermined amount of the polluted air 
contacted with the sample 7 (treated air) is con- 
ducted to the nitrogen oxides meter 9 by the air 
pump 1 0, and after changes in nitrogen oxide con- 
centration are recorded, the treated water is .dis- 
charged from the exhaust port 11. Excess air is 
discharged directly from the exhaust port 12. 

Results of experiments using the above ap- 
paratus, for confirming the pollutant removing effect 
of the purifying material according to the present 
invention and results obtained by placing the same 
purifying material sample in the actual atmosphere 
and contacting it with air will be described. 

Experiment 1 

Ftg. 3 is a schematic cross sectional view 
showing an embodiment of a purifying material. 
The purifying material 100 comprises a sinthetic 
resin 101 and a photocatalyst powder 102. 



The photocatalyst 102 and fluororesin particles 
were thoroughly mixed, and rolled to a 1 mm thick 
sheet The sheet had a composition of poly- 
tetrafluoroethylene : titanium dioxide : activated . 

5 charcoal = 6:3:1. Iron (III) oxide may be added in 
an amount of 2% based on the weight of the 
catalyst ingredients. Further, the catalyst ingredient 
may be titanium dioxide alone. However, in this 
case, the effect is slightly lowered. The sheet was 

to cut into a size of 10 cm x 10 cm to obtain a 
sample, and each one sheet was contained in the 
two reactors 6 (effective area: 200 cm 2 ). The initial 
concentration of nitrogen monoxide (NO) fed to the 
reactor 6 was 1.0 ppm, and the air flow rate was 

/5 0.5 liter per minute. The ultraviolet intensity at 
wavelength 365 nm was a maximum of 0.45 
mW/cm 2 . This ultraviolet intensity corresponds to 
about 1/4 that in daytime of a fair day in summer, 
and to a half that of a fair day in winter. 

20 Fig. 4 shows changes in NO concentration of 

treated air at an outlet of the reactor 6. The or- 
dinates of the figure indicates an NO concentration 
at the outlet of the reactor 6 and the abscissas 
indicates a time after the beginning of treatment. 

25 Referring to the figure, when irradiation is not made 
initially, and the 4-way valve 5 is changed over to 
feed the simulation polluted air to the reactor 6, the 
NO concentration at the outlet decreases. This is 
because the photocatalyst contains activated char- 

30 coal but, since the removing mechanism at this 
moment is merely an absorption, the effect does 
not continue for a long time (however, this function 
can be utilized in the night where no sunlight is 
applied). 

35 After about 9 hours, when irradiation is begun, 

the NO concentration at the outlet decreased again 
considerably. Since this removing effect continues 
for a long time, it was considered as due to a 
photocatalytic action, rather than a mere absorp- 

40 tion. 

In this case, the removing rate when the NO 
initial concentration is varied is shown in Fig. 5. 
The ordinates of the figure indicates an average 
removal(%) from the beginning of treatment, to 12 

45 hours, and the abscissas indicates an NO initial 
concentration of the simulation air supplied. As can 
be seen from the figure, at an air flow rate of 0.5 
liter per minute, a removal exceeding 90% is ob- 
tained over the initial concentration range tested 

so (0.05 to 5 ppm). The removal does not substantially 
depend on the NO initial concentration. 

When the tested sample was washed with pure 
water, nitric acid in an amount of 60% of removed 
NO was recovered. Further, when the sample was 

55 washed with a weak alkaline solution (1 mM so- 
dium hydroxide), the recovery was improved to 
80%. However, for the removal of nitrogen oxides, 
the original activity was- restored by washing with 
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water only, showing that repeated use is possible. 

Then, experiments were conducted in Tsukuba 
City (considered to be a non-polluted area) where 
the above sample was placed outdoors. Of several 
experiments, a typical value of nitrogen oxides 
washed out and recovered as nitric acid was 7 
nmoi per day. Considering a normal water washing 
recovery rate (60%), this indicates that 11.7 amol 
per day (0.5 jxmol per hour) of nitrogen oxides was 
removed. 

When this value is applied to the result of 
indoor experiment, it corresponds to an, amount 
removed when 1 .0 ppm NO is flowed at a rate of . 
2.0 liters per minute for 3 hours. When the average 
NO concentration in Tsukuba City is assumed as 
0.025 ppm. the sample placed in the outdoors 
could treat about 10 liters of air for 24 hours. That 
is, it was demonstrated that in the outdoors, pollu- 
tants are efficiently transported by wind onto the 
sheet surface, and the photocatalyst of the present 
invention functions efficiently in the open system. 

Since 1 mol of NO is 30 g, and 1 mol of NO2 - 
(nitrogen dioxide) is 46 g, 1 mol of nitrogen oxides 
is an average of 38 g. and 1 urnol is 38 tig. 

Experiment 2 

Fig. 6 is a schematic cross sectional view 
showing another embodiment of a purifying ma- 
terial. The purifying material 200 comprises a poly- 
vinyl chloride plate 201 , an adhesive resin 202 and 
a photocatalyst powder 203. . 

The polyvinyl chloride plate 201 was coated 
with a adhesive resin 202 which is selected from 
various adhesive resins (high-viscosity epoxy resin, 
low-viscosity epoxy resin, ultraviolet curing acrylic 
resin, high-viscosity fast-curing epoxy resin, and 
spray polyurethane resin), then sprinkled over with 
a photocatalyst powder 203, after curing, washed 
with water, and dried to obtain the purifying ma- 
terial 200. Each sample had an effective surface 
area of 100 cm 2 . As in Experiment 1, the nitrogen 
monoxide initial concentration was 1.0 ppm, and 
the air flow rate was 0.5 liter per minute. 

Fig. 7 shows changes over time in NO con- 
centration at the outlet of the reactor 6. For refer- 
ence, results of a sample in which the 
photocatalyst powder, as it is. is fixed to a syn- 
thetic resin film using a double-face sticky tape 
(effective surface area: 200 cm 2 ) and a results of 
sample in which the photocatalyst of the same 
amount is formed to a sheet using a synthetic resin 
(effective surface area: 20 cm 2 ) are also shown in 
the figure. 

Although fixing with a synthetic resin gives 
worse results than sticking of the powder and the 
sheet-shaped material, some epoxy resins and 
polyurethane resins are considered to be usable as 



a fixing material. 

In the figure, the sample in which the 
photocatalyst is fixed in the powder form (A mark) 
shows the highest removing rate. Since a sheet (O 

s mark) using the same catalyst amount as above is 
smaller in the surface area than Experiment 1 
(therefore, the sheet also has an effect to increase 
the amount of photocatalyst per unit area), it has 
no remarkable removing effect as shown in Fig. 1, 

10 and slightly inferior in the photocatalytic activity, 
but the catalyst surface is not covered with the 
resin so much, rather polluted air is well diffused to 
the inside of the sheet compared to the case using 
the adhesive resin. 

rs This is apparent from the fact that no dif- 

ference is noted after 12 hours from the beginning 
of treatment. This indicates that although diffusion 
of polluted air to the inside of the fluororesin sheet 
takes a time, not only the photocatalyst on the 
20 sheet surface, but the photocatalyst at the inside 
also functions. 

Experiment 3 

25 While the above experiments have shown for 

the NO removing effect, the photocatalyst of the 
present invention can also remove nitrogen dioxide 
(NO2) and sulfur dioxide (SO2) as well. 

Fig. 8 and Fig. 9 individually show changes In 

30 NOz and S0 2 removal (12 hours average) at dif- 
ferent initial concentrations using the sheet-shaped 
purifying material of Experiment 1 (under the same 
experimental conditions, effective area of the sam- 
ple: 200 cm 2 , and flow rate of the simulation pol- 

35 luted air: 0.5 liter per minute). As shown in the 
figures. NO2 was removed with a removaJ of over 
80% at concentrations of 0.05 to 0.7 ppm, and SO2 
was removed with a removal of over 90% at con- 
centrations of 0.05 to 1.0 ppm. 

40 From the above experimental results, it can be 

seen that the purifying material of the present 
invention can be expected to be attached to struc- 
tures and the like to achieve of the purifying envi- 
ronmental atmosphere, and practical application of 

45 the purifying material will be described. 

When the photocatalyst powder is fixed using a 
synthetic resin, a sheet or panel-shaped air purify- 
ing material is produced by the following process. 
First, a powder of the photocatalyst (titanium 

50 dioxide or a mixture of titanium dioxide and ac- 
tivated charcoal, or to which an iron-based metal 
oxide such as iron oxide is further added) is mixed 
with a solvent and a surface active agent (surfac- 
tant). The solvent in this case improves dispersion 

55 of the photocatalyst powder, and the surfactant 
even further promotes the function of the solvent. 

Then, a resin powder as a binder such as 
fluororesin is added, and again thoroughly mixed. 
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The mixture is then centrifuged to remove the 
solvent, thoroughly kneaded, and press formed in a 
mold to obtain a 0.5-1 mm thick sheet 

_The_ sheet is back coated with a resin film o r 
st uck on a plate of stainless steel, resins, gy psum, 
or the like to produce a flexible sheet-shaped or 
rigid panel-shaped purifying material. The size 
ranges from a post card size to a tatami size, and 
the sheet-formed material can also be rolled. 

To fix the photocatalyst powder with an adhe- 
sive, a resin film or a metal or resin plate is coated 
with an adhesive, sprinkled over with the catalyst 
powder, dried to obtain a sheet- or panel-shaped 
purifying material. The shape and size may be the 
same as in compression molding. 

The above purifying material is set up in a 
street or highway with considerable air pollution in 
consideration of sunlight and cleaning by rainfall. 
Fig. 10 shows an example in which a purifying 
material 13 is attached to an exterior wall of a 
building 14, and Fig. 11 shows an example in 
which the purifying material is attached to sound 
insulation plates on both sides of a highway 15. 
Thus, the purifying material is efficiently set utiliz- 
ing existing buildings or structures, and it is of 
course possible to support the purifying material 1 3 
"on a dedicated pedestal 16, as shown in Fig. 12. 
On the other hand, for an interior application 
such as a highway tunnel 17 shown in Rgs. 13A 
and 13B (in Fig. 13A is a front view, and Fig. 13B 
is a cross sectional view) or an underground street, 
the purifying material 13 is irradiated with an artifi- 
cial light source 1 8 such as a photochemical flu- 
orescent lamp. In the highway tunnel 17 shown in 
Rgs. 13A and 13B, an air purifying chamber 19 is 
provided in an upper space, polluted air conducted 
by a blower 20 as indicated by the arrow is first 
dust-removed by an electric dust collector 21. and 
then treated with the purifying material 13 to re- 
move nitrogen oxides and the like to be returned to 
the road space. 

Then, an embodiment of the present invention 
is shown in Figs. 14 and 15 where volatile organic 
chlorine compounds are decomposed using the 
above purifying material. Rrst, Fig. 14 shows the 
structure of an apparatus in which volatile organic 
chlorine compounds contained in water are trans- 
ferred to a gas. and contacted with the purifying 
material to be decomposed. The apparatus com- 
prises a stripping tank 22 for transferring volatile 
organic chlorine compounds contained in water to 
air, and a reactor 23 for contacting the air with the 
purifying material 1 3 to decompose. The reactor 23 
is provided with the purifying material 13, which is 
produced by the above-described method using 
the photocatalyst comprising titanium dioxide (in 
this case, activated charcoal is unnecessary), stuck 
on the inner wall surface of an outer cylinder 24 



having a square cross section, and the artificial 
light source 18 for emitting light of 400 nm or less 
in wavelength is disposed at the center of the outer 
cylinder 24. 

5 In the apparatus shown, when water containing 

volatile organic chlorine compounds such as trich- 
loroethene and tetrachloroethene is fed to the bot- 
tom of the stripping tank 22 by a pump 25. com- 
pressed air is blown into the water from a compres- 
w sor 26 to transfer the volatile organic chlorine com- 
pounds to the air easily. The air is then sent to the 
reactor 23 through an air pipe 27, and contacts with 
the purifying material 13, whereby the volatile or- 
ganic chlorine compounds are decomposed by 
15 titanium dioxide excited by the light from the light 
source 18, and then discharged from the reactor 
23. The treated water is discharged through a 
waste water pipe 28. When exhaust gas containing 
, vapors of volatile organic chlorine compounds is 
20 directly treated, the stripping tank 22 is unnec- 
essary. In the present embodiment, since the pu- 
rifying material 13 for carrying titanium dioxide 
particles is able to have a sufficient strength, it is 
hard to be broken, and easy to set up and handle. 
25 Further, pollutants treated by the method are not 
limited to volatile organic chlorine compounds, but 
may be those which are volatile and can be de- 
composed by titanium dioxide. 

On the other hand, Fig. 1 4 shows the structure 
30 of an apparatus in which water containing pollutants 
is contacted directly with the purifying material to 
decompose the pollutants. Referring to the figure, 
the same purifying material 13 as in Fig. 13 is 
stacked at intervals surrounding the light source 1 8 
35 at the center, or stuck on the inner wall surface, in 
a square cross sectioned reactor 29. Water, which 
contains volatile organic chlorine compounds, is 
fed to the bottom of the reactor 29 by a pump 30. 
contacts with the purifying material 13 to decom- 
40 pose the volatile organic chlorine compounds, and 
then the treated water is discharged through a 
waste water pipe 31. In the present embodiment, 
since titanium dioxide particles are fixed as a sheet 
or panel-shaped material, a precipitation tank for 
45 separating titanium dioxide from the treated water 
and a pump piping for sending the separated 
titanium dioxide back to the reactor are unnec- 
essary. In this case, pollutants in water are not 
limited to volatile organic chlorine compounds, but 
so may be those which are decomposed by titanium 
dioxide and nonvolatile. 

With the present invention, by fixing the 
photocatalyst mainly comprising titanium dioxide or 
a mixture of titanium dioxide, and activated charcoal 
55 in the outdoors where the photocatalyst is sub- 
jected to irradiation with sunlight and cleaning by 
rainfall,, low-concentration noxious substances in 
the environmental atmosphere can be efficiently 
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removed. Further, even when decomposition pro- 
ducts are built up on the surface of the 
photocatalyst to lower the activity, such products 
are washed out by rainfall to restore the activity. 
Since, unlike various conventional measures, the s 
inventive method does not require an external en- 
ergy, coupled with inexpensiveness of titanium 
dioxide, activated charcoal, iron oxide, and the like, 
purifying of the environmental atmosphere can be 
achieved at extreme/y low material and operation 10 
costs with high practicality. 

In this case, the photocatalyst powder can be 
molded using a synthetic resin to a sheet or panel- 
form, or stuck on the surface, of a sheet or panel 
material with an adhesive to form a purifying ma- 15 
terial, thereby achieving very simple construction 
and handling. 

In an overcrowding area such as big cities, 
there are very little spaces for constructing a new 
structure. In such a case, the purifying material is 20 
set up utilizing existing structures such as exterior 
walls of a building, sound insulation plates of a 
highway, and the like. 

According to a calculation based on the experi- 
mental resiiits. by applying the purifying material of 25 
the present invention on both sides of a crowded 
street of a city, the nitrogen oxide concentration is 
considered to be reduced by at least 20% as will 
be described below. 

Assuming a 1-km section of a road of two 30 
lanes on one side (totally 4 lanes) where the traffic 
volume is 10,000 cars per hour, 2,500 g of nitrogen 
oxides are emitted (an average passenger car em- 
its 0.25 g/km of nitrogen oxides). 

On the other hand, suppose that average 12- 35 
story (40 m high) buildings are on both sides of the 
above road, when the purifying material of the 
present invention is stuck on the exterior wall of the 
buildings, assuming that the wall portion other than 
windows is 70%, and the wall of only one side of ao 
the road is applied with sunlight to function, the 
effective purifying material area is 28,000 m 2 , and 
500 g per hour of nitrogen oxides is adsorbed and 
decomposed by the surface area. 

This corresponds to 20% of the above emis- 45 
sions, and achieves the same effect as a 20% 
reduction in traffic volume, tightening of exhaust 
gas control regulations by 20%, or a 20% introduc- 
tion of exhaustless cars such as electric cars. 

In an underground parking zone, underground 50 
street; underground passage, and the like where no 
sunlight can be directly obtained, the purifying ma- 
terial is disposed at the ventilation opening, or an 
artificial light source (such as a photochemical flu- 
orescent tamp) is also used. Concentration of nitric 55 
acid and the like flowing out from the purifying 
material at rainfall is normally several ug to several 
ten ug per milliliter, which is nearly the same level 



as contained in natural precipitations, and is thus 
not considered to have adverse effects on the 
structures and sewage. Further, even though the 
catalyst scatters in environment the ingredients are 
those which are present in nature, and thus have 
no danger of causing new environmental problems. 

When volatile organic pollutants in water are 
transferred to a gas. and contacted with titanium 
dioxide to be decomposed, titanium dioxide par- 
ticles can be carried on a sheet or panel-shaped 
purifying material, thereby achieving the same ad- 
vantages as removal of pollutants in the air. Fur- 
ther, also when pollutants in water are contacted 
directly with titanium dioxide to be decomposed, 
the above purifying material can be used, thereby 
eliminating the need for recovery of titanium diox- 
ide particles from treated water, and enabling a 
simplified apparatus and easy operation control. 

The present invention has been described in 
detail with respect to preferred embodiments, and 
it will now be that changes and modifications may 
be made without departing from the invention in its 
broader aspects, and it is the intention, therefore, in 
the appended claims to cover all such changes and 
modifications as fall within the true spirit of the 
invention. 

Claims 

1 . A method for removing pollutants 
characterizedby comprising: 

disposing a purifying material fixed with a 
photocatalyst mainly comprising titanium diox- 
ide or a mixture of titanium dioxide and ac- 
tivated charcoal in the outdoors, such that said 
purifying material is subjected to irradiation 
with sunlight and rinsing by rainfall. 

2. A method as claimed in Claim 1 , 
characterized in that said purifying material is 
a sheet-shaped or panel-shaped material ob- 
tained by molding a powder of said 
photocatalyst with a synthetic resin. 

3. A method as claimed in Claim 1 , 
characterized in that said purifying material is 
obtained by sticking a powder of said 
photocatalyst on the surface of a sheet-shaped 
or panel-shaped synthetic resin with an adhe- 
sive. 

4. A method for removing pollutants 
characterized by comprising the steps of: 

transferring volatile pollutants in water to a 
gas; and 

contacting the gas with a purifying material 
fixed with a photocatalyst mainly comprising 
titanium dioxide or a mixture of titanium diox- 
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ide and activated charcoal while irradiating it 
with light of 400 nm or less in wavelength to 
decompose, the pollutants in the gas. 

5. A method as claimed in Claim 4, 
characterized in that said purifying material is 
a sheet-formed or panel-formed material ob- 
tained by molding a powder of said 
photocatalyst with a synthetic resin. 

6. A method as claimed in Claim 4, 
characterized in that said purifying material is 
obtained by sticking a powder of said 
photocatalyst on the surface of a sheet-formed 
or panel-formed synthetic resin with an adhe- 
sive. . 

7. A method for removing pollutants 
characterized by comprising: 

contacting water containing pollutants with 
a purifying material fixed with a photocatalyst 
mainly comprising titanium dioxide or a mix- 
ture of titanium dioxide and activated charcoal 
while irradiating it with light of 400 nm or less 
in wavelength to decompose the pollutants. 

8. A method as claimed in Claim 7, 

. characterized in that said purifying material is 
a sheet-shaped or panel-shaped material ob- 
tained by molding a powder of said 
photocatalyst with a synthetic resin. 

9. A method as claimed in Claim 7, 
characterized in that said purifying material is 
obtained by sticking a powder of said 
photocatalyst on the surface of a sheet-formed 
or panel-formed synthetic resin with an adhe- 
sive. 

10. A purifying material characterized by compris- 
ing: 

a powder of a photocatalyst mainly com- 
prising titanium dioxide or a mixture of titanium 
dioxide and activated charcoal and a synthetic 
resin, and molded to a sheet or panel. 

11. A purifying material as claimed in Claim 10, 
characterized in that said synthetic resin is 
fluororesin. 

12. A purifying material characterized by compris- 
ing: 

a sheet-shaped on panel-shaped substrate, 

and 

a powder of a photocatalyst mainly com- 
prising titanium dioxide or a mixture of titanium 
dioxide and activated charcoal, which is stuck 
on said substrate with an adhesive. 



13. A purifying material as claimed in Claim 12, 
characterized in that said sheet-shaped or pan- 
el-shaped substrate comprises a metal, a res- 
in, or an inorganic substance. 
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